The most precisely measured black body spectrum in nature T = 2.72548(57) • K
fields relax. Non-zero impact parameter produces elliptic flow in the overlap region. Topological excitations and energy density fluctuations in the Glasma thermalise by hydrodynamic evolution.
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Fireball Evolution Stages
(1) Collisions are dominated by low−x high density gluons. Coherent saturated gluons form Colour Glass Condensate. τ < 0.1 fm/c (2) Strong longitudinal colour electric and colour magnetic fields relax. Non-zero impact parameter produces elliptic flow in the overlap region. Topological excitations and energy density fluctuations in the Glasma thermalise by hydrodynamic evolution. 
(1) Collisions are dominated by low−x high density gluons. Coherent saturated gluons form Colour Glass Condensate.
(2) Strong longitudinal colour electric and colour magnetic fields relax. Non-zero impact parameter produces elliptic flow in the overlap region. Topological excitations and energy density fluctuations in the Glasma thermalise by hydrodynamic evolution.
(3) Quasi-equilibrium quark-gluon plasma has energy density ǫ ≃ 1GeV/fm 3 and T cr ≃ 175MeV. τ = 1 − 10 fm/c (4) Hadronisation reduces entropy density and expands the fireball. Inelastic scattering stops, and species abundances get fixed, by chemical freeze-out at T chem ≃ 170MeV.
τ > 10 fm/c (5) Elastic and resonant scattering (mediated largely by pions) ceases, with kinetic freeze-out at T kin ≃ 120MeV.
Experimental Signals
Multiplicities and distributions of various particles are detected. Only charged hadrons observed in sufficiently transverse directions (to avoid the unscattered beams).
Photons and leptons are also observed through their electromagnetic interactions.
Glauber model used to infer the centrality of the collisions (no. of participants) from the charged particle multiplicities.
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Glauber model used to infer the centrality of the collisions (no. of participants) from the charged particle multiplicities. Temperature information is extracted from particle abundances (T chem ) and energy-momentum distributions (T kin ), using thermalised hadron resonance gas models.
Angular distributions can see through the scatterings to the correlation patterns in the QGP (assuming low diffusion).
Types of observables
Specific patterns in the distribution of hadrons can be searched for, using techniques similar to those used to analyse the temperature fluctuations in the CMBR.
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One-point observables: Particle multiplicities (enhancements, suppressions) Particle number fluctuations (susceptibilities) Distributions of conserved charges (n u , n d , n s ↔ Q, B, S) Energy-momentum distributions and jets Angular distributions (elliptic flow and harmonics)
One-point observables: Particle multiplicities (enhancements, suppressions) Particle number fluctuations (susceptibilities) Distributions of conserved charges (n u , n d , n s ↔ Q, B, S) Energy-momentum distributions and jets Angular distributions (elliptic flow and harmonics) Two-point observables: Angular correlations for particles and charges (e.g. ridge, jet quenching, Hanbury-Brown-Twiss effect) Sum rules relate two-point observables to one-point ones (e.g. correlations to susceptibilities).
QCD Phase Structure
❆ * * * * * * * * * * * * * * * * * * * * * * * * 
QCD Phase Transitions
(1) m = ∞, N ≥ 3: First order finite temperature deconfinement transition, governed by the breaking of the global Z N centre symmetry of the Polyakov loop.
(2) m = 0 = µ, N f ≥ 3: First order finite temperature chiral transition, governed by the restoration of the flavour
(3) m = 0 = T , µ ≃ constituent quark mass: First order baryon condensation phase transition, where the vacuum structure changes from ψ ψ = 0 to ψ † ψ = 0.
First order phase transitions are stable against small changes of symmetry breaking perturbations. The above three transitions extend inward, to varying extent, from the boundaries of the phase structure.
No phase transition for the physical values of the quark masses (unless µ is sufficiently large). But the three nearby transitions have their imprints in the cross-over region. Meson and baryon wavefunctions are represented by the invariant tensors δ ab and ǫ abc . Other multi-quark hadrons (except for nuclei) are phenomenologically not prominent. Baryon number correlation signals in heavy ion collisions -p. 11
Flux Tube Configurations
Possible flux tube configurations connecting a static quark-antiquark pair, as the temperature is increased (from top to bottom), and when baryonic vertices are included (from left to right).
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Flux Tube Breaking [In reality, baryon number is conserved, and baryon-antibaryon pairs are produced. Hadronization models incorporate that using effective diquark degrees of freedom.]
Baryon number correlation signals in heavy ion collisions -p. 13
Deconfinement Phase Transition
Finite temperature behaviour of QCD is governed by the competition between energy and entropy of the flux tube configurations.
With increasing temperature, the flux tubes oscillate more and also produce more vertices. Deconfinement means a quark-antiquark pair loses information about each-other's position.
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Second order phase transition corresponds to flux tubes of diverging length. First order phase transition corresponds to a percolating flux tube network.
Light dynamical quarks break up long flux tubes, changing the deconfinement phase transition into a cross-over. Still large enough clusters of flux tubes may arise at m phys , as a consequence of the nearby phase transition.
Flux Tube Model Variables
The link and site variables for the flux tube model.
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Grand Canonical Partition Function
The constraint can be solved by changing to dual variables:
Sum over n i,µ , p i,f , q i can then be explicitly carried out:
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Phenomenological Features
The model is in the universality class of the XY spin model, with an ordinary and a Z(N ) symmetric magnetic field.
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Introduction of a static quark source at site j modifies the Gauss's law constraint there as δ α j ,0 → δ α j ,−1 . Its free energy is given by exp(−F q /T ) = exp(−iθ j ) . So θ i corresponds to the phase of the Polyakov loop. Flux tube and Polyakov loop descriptions of deconfinement in finite temperature gauge theory are dual to each other.
Baryon Number Correlations
Focus on the position space picture of the flux tube network.
In every flux tube cluster, any neighbour of a vertex is an anti-vertex and vice versa. Production and annihilation of vertices stops at chemical freeze-out. Thereafter, every vertex yields a baryon and every anti-vertex an antibaryon.
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In absence of large scale diffusion, radial propagation of (anti)baryons preserves the geometric pattern of (anti)vertices present at the chemical freeze-out stage.
Angular positions of (anti)baryons seen in the detector can be backtracked to the angular positions of (anti)vertices that emerge from the QGP fireball.
Heavy ion collisions produce a sizeable number of antibaryons, from an initial state that has none, implying (a) the fireball produces a good number of (anti)vertices, (b) fragmentation of flux tubes during hadronisation is more likely than annihilation of vertex-antivertex pairs.
Pair Distribution Function
Density:
In homogeneous and isotropic fluids, ρ is independent of r and g depends only on | r − r ′ |, resulting in
Baryon number correlation signals in heavy ion collisions -p. 19
Asymptotically, g(r → ∞) = 1 (interactions fade away).
For an ideal gas with no correlations, g(r) = 1. For objects with hard-core repulsion, g(0) = 0, and beyond the hard core g(r) tends to its asymptotic value 1, exhibiting damped oscillations.
For baryon number distributions, g |v| is a correlation insensitive reference function, while g v (vertex signs q i q j included) is sensitive to vertex-antivertex correlations.
The contrast between the two measures the correlations.
Theoretical Expectations
Positions of peaks quantify separations of neighbours.
Widths of peaks measure hard/soft nature of objects.
The first peak is the most informative.
Schematic representation of the pair distribution functions g |v| (r) and g v (r). The former is similar to that for objects with hard-core repulsion. The latter is for a percolating flux tube network where vertices and anti-vertices alternate (similar to charges in ionic liquids).
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Angular Projection
Projection of 3-dimensional pair distribution function onto the surface of the fireball smears its oscillatory structure. 
Projection of 3-dimensional pair distribution function onto the surface of the fireball smears its oscillatory structure. Internucleon separation in nuclear matter is ∼ 2fm. Fireball radius in central heavy ion collisions is ∼ 6fm.
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Data Parametrisation
The experimental set up has axial symmetry around the beam axis, and reflection (parity) symmetry θ ↔ π − θ.
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The experimental set up has axial symmetry around the beam axis, and reflection (parity) symmetry θ ↔ π − θ. 
